Rationale: Paroxysmal nocturnal hemoglobinuria (PNH) is a nonmalignant acquired hematopoietic stem cell disease, which can be revealed by hemolytic anemia, thromboembolism, or bonemarrow failure. Thrombosis can occur at any site, but coronary thrombosis is extremely rare. Controlled trials have demonstrated that eculizimab, an inhibitor of the terminal complement cascade, was able to reduce both hemolysis and thrombosis, but its efficacy in cases of PNH with coronary thrombosis is unknown.
Introduction
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare nonmalignant acquired clonal hematopoietic stem cell disorder that manifests with hemolytic anemia, bone marrow (BM) failure, and thrombosis. In nearly all the cases of PNH, an acquired somatic mutation of the X-linked PIG-A (phosphatidylinositol glycan class A) gene can be found, which is responsible for the expansion of hematopoietic stem cells lacking functional glycosylphosphatidylinositol (GPI) anchor. This results in the deficiency of complement inhibitory proteins, leading to complement-mediated hemolysis, and also activation of monocytes, granulocytes, and platelets with formation of prothrombotic microparticles. Moreover, hemolysis with liberation of high levels of free hemoglobin leads to scavenging of nitric oxide, which contributes to platelet activation and aggregation. [1, 2] In PNH, thrombosis can occur at any sites, the most common of which being hepatic vein (Budd-Chiari syndrome), mesenteric and portal veins, cerebral veins, and dermal veins. The reasons underlying the occurrence of thrombosis in these particular locations remain largely unknown. [3] [4] [5] Arterial thrombosis is far less frequent and such less common presentation may delay the diagnosis. Thromboembolism is the most common cause of mortality in PNH, and the 4-year survival of patients presenting with thrombosis at diagnosis was only 40% before the era of eculizumab. [6] Eculizumab is a humanized monoclonal antibody that blocks terminal complement pathway by binding to C5. This drug has dramatically changed the natural history of PNH. [7] [8] [9] [10] [11] [12] Current evidence indicates that compared with placebo, eculizumab increases transfusion independency and health-related quality of life. Open-label studies and case reports suggest that eculizumab also reduces the risk of further thrombotic events. [7, 12] We report herein the case of a patient presenting with recurrent febrile arterial coronary thromboses, despite both antiplatelet treatment and curative anticoagulation. Fever and marked inflammatory syndrome delayed both diagnosis and initiation of eculizimab, and this delay was life-threatening for the patient. Finally, he was successfully treated with eculizumab and did no longer experience thrombotic events during the period of follow-up.
Case report
A 73-year-old male patient with a medical history of multiple thromboses (2 episodes of deep vein thrombosis in 1995 and 2011, and 2 episodes of pulmonary embolism in 1995 and 2004) presented in 2013 two consecutive acute coronary syndromes within a 1-month interval, while on continuous anticoagulation with vitamin K antagonists (fluindione). The patient was first admitted to cardiology department for acute thoracic pain in May 2013. Electrocardiogram evidenced inferior Q waves with ST elevation. Echography revealed antero-inferior akinesia. Serum troponins were not quantified because the patient was immediately transferred for coronarography. This coronary catheterization revealed an intraluminal thrombus in the right coronary artery. Balloon angioplasty was performed, but no stent was inserted because of unexplained fever. Antiplatelet therapy with both acetylsalicylic acid and clopidogrel was added to fluidione. A month later, the patient presented again with typical acute chest pain. Electrocardiogram always evidenced inferior Q waves with no other abnormalities. Echography found the known anteroinferior akinesia. Ultrasensitive troponins were elevated (560 ng/L, n < 14). A new coronary catheterization was performed and again evidenced a thrombosis in the right coronary artery and a new asymptomatic incomplete intraluminal obstruction of the circumflex artery (see Fig. 1 , which illustrates the 2 successive coronary catheterizations). Again, angioplasty was performed without any vascular stenting because of unexplained fever since 2 months. Because of this persistent fever and marked inflammatory syndrome, additional investigations were performed. Clinically, the patient also presented with fatigue and signs of anemia. Hemoglobin level was 90 g/L, reticulocytes were 52 Â 10 9 /L, white blood cells 6.6 Â 10 9 /L with normal differential, and platelet count was 52 Â 10 9 /L. C-reactive protein (CRP) level was 147 mg/L. All tests for infectious, systemic inflammatory diseases, and vasculitis remained negative. Serum haptoglobin was decreased (<0.10 g/L) and lactate dehydrogenase (LDH) level was markedly elevated. Direct antiglobulin test was negative. A computerized tomography (CT) scan was performed and showed a thrombosis of the hepatic vein. Given the association of multiple thromboses, despite anticoagulation and signs of hemolysis, a flow cytometry test was performed and disclosed a big-sized PNH clone with 80% of neutrophils lacking expression of CD66b, CD16, and CD24 antigens, and more than 80% of monocytes lacking CD24 antigen. BM smears were normocellular and there were only mild signs of dysmegacaryocytopoiesis without excess blasts (2%). Karyotype was normal. The diagnosis of classical PNH was retained. Because of the presence of fever and inflammatory syndrome, and given the increased risk of severe infections after terminal complement blockade, the decision to start eculizumab was postponed. Rapidly, the patient presented with acute abdomen, hypotension, and functional renal insufficiency. He was admitted to the intensive care unit. A CT scan was not helpful in making a diagnosis, and a surgical exploration of the abdomen was performed. As no major abnormality was found, acute abdomen was hypothesized to be linked to multiple thromboses of small abdominal vessels, and treatment with eculizumab was finally started. Required prophylaxis, including vaccination against meningococcal and pneumococcal infection and penicillin V therapy, was performed. In addition, both anticoagulation and antiplatelet treatments were maintained. Shortly after the initiation of eculizumab, the patient recovered. Fever, abdominal pain, and inflammatory syndrome resolved. The main biological data observed during eculizumab therapy are reported in Table 1 . During the entire follow-up period, the patient did not experience any further episode of thrombosis. LDH level returned to normal, but the patient still required repeated transfusions of red blood cell packs.
Eight months later, in March 2014, a severe thrombocytopenia occurred. There were no signs of hemolysis. A new BM examination showed a normocellular BM with dysplasia of the 3 myeloid lineages and 11% blasts. This led to the diagnosis 
Medicine of refractory anemia with excess blast-2 (myelodysplastic syndrome with an excess of blasts in the BM comprised within the range of 11%-19%) associated with PNH.BM karyotype was still normal. Vitamin K antagonists were stopped because of thrombocytopenia, but antiplatelet treatment was maintained. Both platelet and red blood cell transfusions were performed, only leading to very transient improvement. Because of his age and poor physical condition, the patient was not eligible for BM transplantation. Hypomethylating treatment with 5-azacytidine (AZA) was added to eculizumab. After 2 cycles of AZA, the cytopenias remained unchanged. The patient was admitted in July 2014 to the intensive care unit because of septic shock due to the infection of his implantable chamber by Aeromonas veronii, rapidly leading to multiorgan failure and death, despite broadspectrum antibiotics and vasopressor medication.
Patient consent
Patient's wife and children have given their informed consent for the case report to be published.
Discussion
This case reports an unusual presentation of PNH, as PNH was revealed by 2 acute coronary syndromes and elevated makers of inflammation mimicking vasculitis, infectious or connective tissue diseases, and delaying both diagnosis and treatment.
One of the particularities of this case is the presence of fever and marked inflammatory syndrome at diagnosis of PNH. Inflammation is not a classical feature of PNH, but may be observed in case of extensive thrombosis independently of the underlying etiology. It can also be driven by activation of the complement pathway as observed in PNH. Because of both inflammation and the increased risk of severe infections related to terminal complement blockade, diagnosis and treatment were delayed. During this time, the state of the patient worsened, leading to his transfer to an intensive care unit and to useless abdominal surgery. Recovery of the patient along with regression of both fever and inflammatory biological signs on eculizumab confirmed that extensive thromboses and complement activation were probably responsible for this critical state. Consequently, marked inflammation does not exclude the diagnosis of PNH and does not have to delay treatment with eculizumab if acute infection is not evidenced.
Thrombosis appears as a common complication of PNH, occurring in 40% of the patients during the course of the disease. The pathogenesis of such event is still unclear, and seems to involve both platelet and endothelial activation due to hemolysis, nitric oxide deficiency, and activation of the complement pathway. Arterial thromboembolism is far less frequent than venous thromboembolism in the setting of PNH (15% of the thromboses), and less than 20 cases of coronary thrombosis associated with PNH have been reported until now. [5, [13] [14] [15] [16] In a meta-analysis on 363 PNH cases with thrombosis, 12 episodes of myocardial infarction were described. Despite a very low frequency, thromboses of the coronary arteries were found to be a significant predictor of thrombosis-related mortality (Risk Ratio 20.53, 95% confidence interval [CI] 4.42-95.28). [5] This emphasizes the importance of performing rapidly flow cytometry analysis for PNH in patients with unexpected or recurrent thromboses even in arterial vessels.
As observed in this case and in previous reports, recurrent thromboses may occur despite curative anticoagulation and antiplatelet therapy in PNH. [10, 17, 18] In our patient, eculizumab was effective to prevent further venous or arterial thrombotic events. Eculizumab treatment has demonstrated its efficacy in reducing hemolysis and the need for red cell transfusions in a controlled trial. [8] It has been shown to also reduce the risk of further thrombosis in open-label studies [10] and in case reports, but not in a controlled trial. [19] Eculizumab blocks terminal complement pathway, which appears to be 1 of the key factors of thrombosis in PNH. Consequently, eculizumab is recommended in PNH patients not only in the presence of symptomatic hemolysis but also in cases with thrombosis, even if there are no prospective data concerning this complication. [3, 12] In addition, an important question to be addressed is whether anticoagulation can be discontinued after either venous or arterial thromboses in the context of PNH treated with eculizumab. Successful discontinuation of anticoagulation in patients with previous thrombosis receiving eculizumab has been reported. [20] Nevertheless, continued anticoagulation is still recommended for PNH patients with a prior thrombosis receiving eculizumab, unless there are clear contra-indications to anticoagulation. [3] In our case, both vitamin K antagonists and antiplatelet treatment were initially maintained, but anticoagulation was stopped when the patient developed a myelodysplastic syndrome with severe thrombocytopenia. However, antiplatelet treatment was pursued, and no major hemorrhagic event occurred.
A variable degree of BM failure is present in all patients with PNH. In some patients, evidence of BM dysfunction might be subtle (inappropriately low reticulocyte count), whereas some other will present with marked cytopenias at diagnosis. In our patient, BM cellularity was initially normal, morphology was near normal, and there were no cytogenetic abnormalities. The PNH clone was over 50% by flow cytometry. The diagnosis of classical PNH was retained and there was no argument for "PNH in the setting of another specified BM disorder (eg, PNH/aplastic anemia or PNH/refractory anemia-MDS)", as defined by the classification developed by the International PNH Interest Group. [2] Clonal evolution such as the development of a myelodysplastic syndrome or an acute myeloid leukemia is classical in PNH. In our case, the short delay between PNH diagnosis and the onset of myelodysplastic syndrome raises the question of a putative role of complement blockade in the arising of clonal evolution. In a recent retrospective treatment versus no treatment study, no significant difference regarding clonal evolution between patients receiving or not receiving eculizumab was found, even if a longer follow-up is needed. [12] 
Conclusions
This case reports an uncommon presentation of PNH, with recurrent coronary syndrome and systemic inflammation. It emphasizes the importance of looking for hemolysis markers and performing rapidly a flow cytometry test for PNH in front of an unusual or unexplained thrombosis, even more if it occurs while on anticoagulation or antiplatelet treatment. This observation also provides information on the efficacy of eculizumab to prevent recurrences after arterial thrombosis.
